Channel Division Multiple Access (ChDMA) is a promising multiple access scheme for Ultra-Wide Band (UWB) systems based on the use of the Channel Impulse Responses (CIR) as user signatures. In this work, we modeled the UWB-CIR as linear combinations of continuous impulses of finite duration randomly delayed. Two different channels are considered: the first, very simplistic, generates multipaths that are uniformly distributed over the time; the second model, which introduces correlation between the delay and the energy of the paths, is built based on the channel power profile. The capacity is investigated assuming no Channel State Information (CSI) at the transmitters and perfect CSI at the receiver. As results, we derive the asymptotic capacity of the ChDMA scheme when the number of users and the number of frequency dimensions (which is proportional to the bandwidth) go to infinity with constant ratio. As a consequence, we observe that the asymptotic spectral efficiency depends only on the system load, the power delay profile, the noise variance and the pulse signal. The results are validated in certain conditions and compared with known results on CDMA systems.
INTRODUCTION
Ultra-WideBand (UWB) has been recently presented as a promising radio technology due to the large available bandwidth. UWB systems enables high data rates at short range as well as high temporal resolution with long Channel Impulse Responses (CIR) thanks to their large bandwidth, based on waveform radiations of "very short" pulses. Moreover, the system uses very low power spectral density, below the thermal noise of the conventional receivers, which is inherently difficult to be detected and does not cause significant interference to other systems. These appealing, fundamental properties of UWB radio system make it an ideal candidate for commercial, short-range, low power, low cost indoor communication systems such as Wireless Local Area Network (WLAN) and Personal Area Network (WPAN).
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Although a large amount of efforts has been devoted to develop efficient UWB systems during the last years, few studies focused on the design of efficient multiple access schemes able to benefit from low duty cycle transmissions. In 2006, a very simple technique called Channel Division Multiple Access (ChDMA) [1, 2] was presented to exploit the duty cycle structure of the UWB signal and provide an interesting way to guarantee efficient multiuser communications in UWB systems. Benefiting from the fact that the coherence time is large (typically about 100 /-Ls) in comparison with the delay spread (typically from 15-40 ns, depending on the user environment), each user employs its impulse response to modulate its signal. The system shows many similarities with uplink code division multiple access (CDMA) systems with random spreading sequences, whose spectral efficiency is well known [3] .
In this work, we analyze the asymptotic spectral efficiency of ChDMA systems under the assumption that the number of users and the size of the bandwidth increases at a constant ratio. To this aim, we modelled the UWB-CIR as linear combinations of continuous impulses of finite duration and employ two different power delay profiles: uniform and exponential profiles. During the evaluation of the system efficiency, we verify the impact of different system parameters.
SYSTEM MODEL
We consider an uplink UWB ChDMA system with K single antenna users and a base station that employs a single receive antenna [1, 2] . We also assume that users access simultaneously and synchronously (at symbol level). From the transmitter side, each user sends a low duty modulating signal with a symbol rate given by Is == T s - 1 , where T s denotes the interval between consecutive symbol transmissions. The transmitted signal is distorted by the channel and the distortion can be regarded as a modulation. The CIR can be consider as a signature waveform, similarly to the spreading sequences of CDMA systems. At the receiver, the base station is able to detect the transmitted signals by using the CIR, which are specific to each user. This is the fundamental idea of the
ChDMA. Without loss of generality, we assume T s equal to the maximum multipath delay (or delay spread) of the wireless environment, Le. T s == T d , and equal for all the users.
The system is impaired by additive white Gaussian noise.
The impulse response hk (t) of the channel between user k and the base station can be written as
where L k represents the number of distinguishable paths, g(t) is the pulse signal employed in the signal transmission, Ak ,f and Tk,e are the amplitude and the delay of the fth path of user k, respectively. The amplitudes Ak,f are random variables that follow a normal distribution with zero mean and variances a~,f such that L~::1 a~,f == Pk. Without loss of generality, we assume that P k == 1. In fact, different values of P k can be taken into account by a multiplicative factor ak at the receiver that includes both, the effects of channel attenuation P k and the transmitted power Pt,k, Le. ak == JP k Pt,k' Furthermore, we assume that all the users have the same number of distinguishable paths, i.e. L k == L. As a consequence, the frequency response H k (f) of the channel between user k and the base station can be written as
f=1
Then, in frequency domain, the signal received at the base station is given by y == HAs + n, (3) where y is the N-dimensional vector of received signal; H == [hI, ... , h K ] is an N x K matrix whose k th column h k is the sampled frequency response of user k; A is the K x K diagonal matrix of received amplitudes whose k-th diagonal element is ak; s is a K -dimensional vector of transmitted symbols (it is assumed to be i.i.d random variables with zero mean and unitary variance), and n is a vector that takes into account the additive white Gaussian noise with zero mean and variance a 2 • In order to keep the notation simple, we assume that N is an even integer. The vector y is obtained sampling the received signal in the frequency domain at rate ire 'where
We represents the frequency resolution 
CASES OF STUDY
Throughout this work we analyze the capacity of the above proposed multiple access scheme in the following two cases:
1In order to respect the coherence bandwidth of the system, the frequency resolution has to satisfy the following inequality We~i 
Case 1
Thanks to the independence of Ak,f and Tk,l over all users, the columns of the matrix H are statistically independent. In order to characterize the matrix H completely, it is sufficient to determine the covariance matrix of one of the Gaussian
with m == 1, ... ,N. Then, the (m, n) element of the covari-
For simplification purposes, let 9 (t) be a Dirac impulse, i.e. g(t) = 8(t). Under this assumption, we have that
Therefore, the matrix e for case 1 can be written as
where S (x, y) is a N x N matrix with elements given by
Then, thanks to the Toeplitz structure of the matrix e(l), the following eigen-decomposition holds when N~00 [4] , 
Case 2
We assume that the elements of one set (Ak,j, Tk,j) are statistically dependent of each other but statistically independent of any element of any other set (Ak' ,j' , Tk' ,j') V k' f= k and j' f= j, i.e., 
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By assuming that g(t) is a Dirac, i.e. g(t) = 8(t), (14) reduces to
Therefore, the matrix e for case 2 can be written as
Asymptotically, for N~00, the following eigen-decomposition holds with
otherwise. 
SPECTRAL EFFICIENCY
The spectral efficiency analysis of the ChDMA system is similar to the one presented by Verdu and Shamai [3] for CDMA systems with random spreading codes. The spectral efficiency per frequency bin is given by
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For case 1 (see Eq. (11» and case 2 (see Eq. (18» the limiting eigenvalue probability density functions of the covariance matrix C are given by
RESULTS
In this section, we present the results obtained by the asymptotic analysis (Eq. 21) and compare them with the results obtained by Monte Carlo simulations of ChDMA systems of finite dimensions (Eq. 19). For finite simulated systems, we consider two different methods to build the channel matrix: the first one, labelled Method 1, creates the channel by generating random multipaths under the restrictions discussed in Section 3. The second method, referred to as Method 2, is based on the random generation of the channel by employing the diagonal matrix n(a). In fact, this is a fundamental step to derive the asymptotic equation.
The results are obtained averaging over 500 Monte Carlo simulations. We considered an environment with a maximum delay spread of 25ns. Furthermore, when (3, the number of frequency samples N, the frequency resolution We, the ratio E b / No or the number of multipaths L are not given, we assume by default that they are respectively 0.8, 50, 40MHz, 5dB and 100. Similarly, by default the received power distribution is FIAI2 (p) == 1 for p ::; 1, i.e. we assume perfect power control. Under the assumption that all the received powers are equal to one the expressions (21), (22) and (23) simplify considerably and depends only on T d , We and (3.
2Due to the lack of space, the proof of this theorem could not be included.
As a first step, we validate numerically the assumptions made to derive the asymptotic results and we compare the resulting spectral efficiency with known results in the literature.
In Fig. 1 , the impact of the number of frequency dimensions on the spectral efficiency is presented. As the system dimensions increase, the spectral efficiency of all the simulated channels converge to the asymptotic theoretical value. Convergence was also observed for different system configurations, but the speed of converge is intimately dependent of all the system parameters.
It is possible to verify that the spectral efficiency 'Yinfty reduces to the expression of the asymptotic spectral efficiency per chip of CDMA systems with random spreading codes 
Power Delay Profile
In this section we investigate the impact of a nonuniform power delay profile (PDP) on the spectral efficiency of ChDMA systems. We consider an exponentially decaying PDP when the assumptions of case 2 are enforced. This type of profile is more realistic and it is largely used to characterize the UWB environment [5, 6] . Such profile is defined by assuming aX
T) enTf , where ex is the decay factor.
L(l-e-a d
In order to analyze the impact of the PDP, we consider three different decay factor values of the exponential decaying profile. Fig. 3 shows the spectral efficiency of a ChDMA system with exponential PDP as a function of the load f3 for ex == 0.01, 1, 5, 10. Furthermore, the performance of the system with exponentially decaying PDP is compared to case of uniform PDP (solid line) with ex == O. At the parameter ex increases the spectral efficiency increases if the system load f3 is sufficiently large. This is due to the concentration of the channel energy in a small portion of the channel interval. This concentration determines an inefficient utilization of the available system dimensions. Then, the receiver cannot separate completely the information transmitted by different users. On the other hand, for lower values of ex, the system performance tends to the performance of a system with uniform PDP, as we could expect. Ratio KIN (~) Fig. 3 . Impact of the Power Delay Profile.
CONCLUSIONS
In this work we provided an analysis of ChDMA systems in terms of spectral efficiency as the system size grows large. Under this asymptotic conditions the spectral efficiency is independent of the channel realization and becomes deterministic. Two channel models were considered and analytic expressions of the spectral efficiency were derived based on results of random matrix theory. We validated the asymptotic equations via simulation results and verified the impact of the power delay profile on ChDMA systems. As perspectives, we would like to tackle problems related to errors on channel estimations, the impact of training on the spectral efficiency of the system and refine the UWB channel models to include typical behaviours such as the non-linear frequency attenuation.
